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Abstract. Intensive aquaculture needs accurate advices regarding the detection and control of 
stress and/or disease conditions in order to ensure the health of fish. The fastest way to detect the 
manifestation of stress is the evaluation of blood parameters. The scope of this paper was the 
determination and analyses of the most important parameters of blood: haemoglobin concentration 
(Hb), haematocrit value (Hct), red blood cel counts (RBCc), as well as the values of erythrocyte 
constants: mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH) and mean 
corpuscular hemoglobin concentration (MCHC) for cultured carp (Ineu, Frasinet and Ropsa races) and 
Japanese koi carp (Cyprinus carpio Linnaeus, 1758), reared under conditions of an intensive system as 
enclosure type on CCDP Nucet. The haemoglobin concentration (Hb) tacked values between 
9.58±1.68, 11.62±2.02 and 11.99±1.50 g/100 ml of blood for the races of cultured carp whereas on 
ornamental carp the mean level of haemoglobin concentration (Hb) is 6.94±1.6 g/100 ml of blood. The 
smallest values of MCHC have been noted on Japanese ornamental carp (21.60±3.3gHb/100 ml of 
erythrocytes) comparatively with 26.82±4.99, 34.33±8.28 and 30.10±3.84 gHb/100 ml of erythrocytes, 
respectively on carp races. To determine the normale values of haematological parameters on carp, at 
intensive rearing, it is necesary the continuation of studies that could offer standards for physiological 
condition and for pathological inquest. 
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INTRODUCTION 
 
Haematological analysis can provide valuable knowledge for monitorning the health 
and condition of the both wild and culture fish. Hematological indices changes depend of the 
fish species, age, the cycle of sexual matutity and health condition (Blaxhall, 1972). Morevor, 
haematological tests and analysis for serum constituents have showed useful information in 
detection and diagnosis of metabolic disturbance and diseases in fishes (Aldrin et al. 1982; 
Jamalzadeh H.R et al. 2009). 
Changes of sanguine metabolic profile (PMS) act as sensors of high feeling regarding 
the integrity of environmental conditions and especially the nutritional status, so the farmed 
fish and the wild ones (Molnar and al. 1970). 
The value of customary haematological indexes has a special significance on the 
overall physiological condition of fish in general and especially on its health status. It is 
known that states of disease are characterized by the installation of some disturbances on the 
sanguine board level of animal, most times pointed by a general haematological failure 
(drastic drop of haemoglobin level, of hematocrit value, as of red blood cell counts, etc). 
 337 
 
Having regarded to multivalent functional role of blood it has opted for assessing the 
reacting response of experimented fish judging by the haematological data. It is known that 
blood represent 1.3–7 % of fish body mass and represent one of the most active components 
that with hematopoetic organs contribute to constant metabolic processes assuring gas and 
nutrient changes between animal body and environment. 
 
MATERIALS AND METHODS 
 
The haematological study presented has been accomplished on a total number of       
60 carps in the period (1–15 October 2008) at the end of growth season of two summers old 
carp reared in intensive system. Rearing of fish has been made in 4 installations as enclosure 
type with surface of 200 square meters each (located in a pond), and stoking density was 400 
ex corresponding to a density of 20,000 ex/ha. Fish has been feed with protean fodder of 
superior quality (SOPROFISH 32 and SOPROFISH 25) with a daily ratio representing 2% 
body mass. Throughout the period of growth it was monitoring the main physico-chemical 
parameters of water (temperature, pH, dissolved oxygen, organic matter, nitrogen and 
phosphorus compounds, etc). They were engaged within normal limits assuring fish comfort. 
The biologic material which has been the subject study has been represented by the 
cultured carp (races Ineu, Frasinet and Ropsa) and ornamental Japanese carp. For performing 
biometry determining standard length and body mass. 
In the first phase has been made comments and notices regarding the health of fish – 
the presence or absence of mucus, signalization of external parasites, integrity of skin, etc. On 
this occasion, it was found the presence of external parasite Argulus foliaceus and/or of trace 
left of it. 
During the experiment, water temperature takes values between 13–15 0C. 
Taking blood has been with syringe from caudal peduncle area by puncture of caudal 
artery without anesthesia (Z, Sbobodova, B.Vykusova, 1991). It was executed the smears of 
blood coloured by May Grunwald-Giemsa method. 
To prevent coagulation of blood has been used as anticoagulant (Blaxhall, 1973) the 
EDTA (5 mg to 1 ml of blood). 
The current hematological investigations have been made Hb, Hct and RBCc. Also 
have been determinate by calculation the main constant values of erythrocyte MCV, MCH 
and MCHC, important parameters for assessment the adaptation of breathing function to 
practical oxygenation conditions of water.  
- Hb = haemoglobin concentration (gHb/100 ml of blood); 
- Hct = haematocrit (%); 
- RBCc = red blood cell counts  (×106/µl); 
- Mean corpuscular volume (cm3/erytrocyte) MCV=Ht×10/RBCc; 
- Mean corpuscular haemoglobin (pg Hb/erythrocyte) MCH=Hb×10/RBCc; 
- Mean corpuscular haemoglobin concentration (gHb/100ml erythrocytes) MCHC 
=Hb×10/RBCc; 
Laboratory analyses have been made hard upon sampling, applying the methods 
currently used in haematological practice for laboratory. (Blaxhall PC, Daisley KW,1973). 
Thus the haemoglobin concentration have been entailed by optical colorimetric 
method by means of Sahli haemoglobin meter, the hematocrit was appraised by 30 min. 
centrifuge of blood at 3000 rot./min. and deliver in (%), and erythrocytes numbering have 
been made in Goreaev numbering room, on MC5 IOR microscope (object glass 20×0.4 and 
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eyeglass 7), after waiting 2–3 minutes, using as reducer solution the Cosma liquid (Parvu and 
Caprarin, 1984). Dilution of sample was 1/200, the result have been express in mil/mm3. 
Statistical Analyses 
Data are presented as mean ± standard deviation. The results were collated and 
subjected to statistical analysis. 
 
RESULTS AND DISCUSSION 
 
The red blood cells (erythrocytes), are high differentially cells that have as basic role 
the maintenance of respiratory pigment functionality–haemoglobin. Depending on species, the 
erythrocytes number of fish is 2–3 times smaller then human blood, oscillating after some 
authors between 0.76 and 2.28 ×106 µl. 
On fish, variations in normal values of erythrocyte number represent the appearance of 
some functional disturbances, this sanguine parameter being used as an instrument for 
diagnostic and appreciation of these disturbances gravity. 
According to Ghitino, (1983), the erythrocyte number of Cyprinus carpio varies 
among 1.10–2.20×106 µl, with 41–66.5 % haemoglobin (Tab.1), and Parvu & Caprarin 
(1984), describe as normal the interval included among 8.3–15.7 g/100 ml of blood.  
          
Tab. 1  
The normal values to Ghitino, (1983) of main haematological parameters on Cyprinus carpio 
 
No. 
crt. Species 
RBCc 
(× 106/µl) 
Hb 
(%) 
Hct 
(%) 
MCV 
(cm3/erytrhocyte) 
MCH 
(pg) 
MCHC 
(gHb/100 
ml blood) 
1. Cyprinus 
carpio 1.10-2,20 41-66, 5 32-43,8 152-364 50-63 15-25 
Note: RBCc = red blood cell counts;Hb - haemoglobin concentration; Hct – haematocrit;   
MCV- mean corpuscular volume; MCH -mean corpuscular haemoglobin;  
MCHC - mean corpuscular haemoglobin concentration 
 
 
As regards the normality level of erythrocytes from fish blood, the scientist regards are 
divergent. Thus Phillips cited by Reichenbach-Klinke (1984), consider that values situated 
under 0.8×106 erythrocytes/µl define the anemia condition of fish, and fish having lesser then 
0.71×106 erythrocytes/µl do not survive. 
In our study, the values of erythrocyte number for cultured carp are added in the 
interval 1.16±0.22 (×106 erythrocytes/µl) to 1.32±0.15, respectively 1.31±0.2 (×106 
erythrocytes/µl) for ornamental carp (Tab. 2). 
As regards the erythrocyte constants MCV, MCH and MCHC offer relationships on 
the size, form and hemoglobin content of erythrocytes. They allow the determination of 
morphological (normocyte, macrocyte and microcyte anemia) and chromic type 
(normochrom, hyperchrom and hypochrom anemia) of some anemia offering some times 
valuable indications regarding the etiological diagnosis, evolution and efficiency of 
attendance. Thereby MCHC – mean corpuscular haemoglobin concentration of erythrocyte 
haemoglobin is the most faithful erythrocyte constant and gives the smallest error, as long as 
for calculation are used the most accurate determined values of sanguine constants namely 
hemoglobin and hematocrit value (Manolescu and colab. 1984; Manolescu N.and col. 1999).  
The data on the haematological values of fish specimens is depicted in Tab. 2. 
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Tab. 2 
The hematological values of culture carp races (Ineu, Frasinet and Ropsa) and Japanese ornamental carp reared 
under intensive system conditions of CCDP Nucet 
 
Specification Ineu  Frasinet  Ropsa  Ornamental carpkoi 
Hb (g/100 ml) 9.58±1.68 11.62±2.02 11.99±1.50 6.94±1.6 
Hct (%) 36.06±4.55 34.71±5.53 39.96±2.84 40.20±6.5 
RBCc(×106 /µl) 1.16±0.22 1.22±0.16 1.32±0.15 1.31±0.2 
MCV (cm3/erythrocyte) 316.17±42.23 286.61±56.31 305.18±40.21 178.20±31.7 
MCH (pg) 85.06±21.00 95.70±19.03 91.30±12.85 31.8±5.5 
MCHC (gHb/100 ml) 26.82±4.99 34.33±8.28 30.10±3.84 21.60±3.3 
Values as mean value ± SEM, (n = 15) 
 
 
After taking blood, fish was anesthetized with MS 222 (tricaine methanesulfanate) for 
performing biometry determining standard length and body mass (Tab.3). 
 
 
Tab. 3 
Biometry (mean ± S.E) - standard length and body mass, on culture carp races (Ineu, Frasinet and Ropsa)  
and Japanese ornamental carp 
 
Specification Ineu race Frasinet race Ropsa race Ornamental carp 
TL (cm) 31.97±2.60 36.83±2.71 36.8±2.96 28,7±2.35 
W (g) 1295.33±268.11 1628.0±298.47 1470.0±312.77 1050.0±214.34 
Note: TL – total length; W – weight; n = count 
 
 
In the figures bellow are represented comparative values of haematological indexes 
Hb and of erythrocyte constants MCV, MCH and MCHC for culture carp breeds (Ineu, 
Frasinet and Ropsa) and Japanese ornamental carp used for study. 
From the processed data arise that the carp race Frasinet enlist the biggest values of 
MCHC, respectively the highest concentration of Hb/red cell (fig. 2), and the reduced value of 
haematocrit (Hct) confirm this aspect.  
It can say that the high level of this erythrocyte constant on Frasinet race indicate a 
good physiological condition which is found on the superiority of body mass comparatively 
with other races. 
The very low value of MCH on Japanese ornamental carp (31.8±5.5pg) comparatively 
with registered values on carp races (85.06±21.00 pg of Ineu, 95.70±19.03 pg, Frasinet and 
91.30±12.85 of Ropsa), indicate the presence of a hypocrom anemia (fig. 1-4). 
Studying the image of blood thin from smears it was pointed the presence of 
erythrocytes with decolorized cytoplasm around the nucleus, which confirmed that although 
the erythrocyte mass is grate, the content of hemoglobin on erythrocyte is low. 
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Fig. 1. Haemoglobin concentration (Hb) of study fish rearing in intensive system 
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Fig. 2. Mean corpuscular volume of study fish rearing in intensive system 
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Fig. 3. Mean corpuscular hemoglobin (MCH) of study fish rearing in intensive system 
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Fig. 4. Mean corpuscular concentration hemoglobin (MCHC) of study fish rearing in intensive system 
 
 
CONCLUSIONS 
 
Any disturbance of environmental conditions including those considering the quantity 
and quality of food available, according to greatness and duration of action can to become a 
pressing element for animal. The press is a status or a complex of statuses that may be 
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diagnosed easily by studying the values of main hematological indexes. Some of mechanisms 
for physiological adaptation such as increasing of breathing function can be explain with help 
of hematological indexes values or of derived erythrocyte constants. 
- From the processed data arise that the carp race Frasinet enlist the biggest values of 
MCHC, respectively the highest concentration of Hb/red cell, and the reduced value of 
haematocrit (Hct) confirm this aspect. It can say that the high level of this erythrocyte 
constant on Frasinet race indicate a good physiological condition which is found on the 
superiority of body mass comparatively with other races. 
- The very low value of MCHC on Japanese ornamental carp comparatively with 
registered values on carp races, indicate the presence of a hypocrom anemia. 
- As a general appreciation of physiological condition of studied fish, it can say that 
sanguine boar indicates normal values with some alternations produced by particularly cases. 
 - The values that we found are similar with those from literature. 
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